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TABLE 1
Effect of Reishi on expression of tumorigenesis genesa

Fold P
Gene Symbol and Name Change Value

B-cell CLL/lymphoma 2 −3.32 0.03
Cyclin-dependent kinase inhibitor 2A

(melanoma, p16, inhibits CDK4)
−8.39 0.04

Interleukin-8 13.59 0.01
Matrix metallopeptidase 9 (gelatinase B,

92kDa gelatinase, 92kDa type IV
collagenase)

−4.42 0.05

Platelet-derived growth factor beta
polypeptide (simian sarcoma viral (v-sis)
oncogene homolog)

−2.63 0.05

Telomerase reverse transcriptase −2.81 0.05

aGenes that demonstrated twofold change and P < 0.05 from PCR
arrays are shown, n = 2.

Interestingly, Reishi extract did not affect CDH1 gene expres-
sion (Supplementary Fig. 1). To determine if Reishi extract
affects E-cadherin expression at the protein level, we conducted
Western blot analysis using IBC cell lysates treated with 0 or
0.5 mg/mL Reishi extract for 24 h. Results show that Reishi-
treated cells had reduced expression of E-cadherin (Fig. 4B) by
1.7-fold, suggesting that Reishi inhibits E-cadherin expression
at the posttranscriptional level. Furthermore, we investigated
Reishi effects on beta-catenin and p120-catenin, 2 proteins that
are complexed with E-cadherin. When beta-catenin is released
into the cytosol, if it is not degraded following ubiquitination,
beta-catenin can translocate into the nucleus inducing cell cycle

SUPPLEMENTARY FIG. 1. Reishi extract-mediated inhibition of E-cadherin
does not occur at the mRNA level. SUM-149 cells were treated with or without
Reishi extract for 24 h. Quantitative real time PCR analysis to assess CDH1
was done with 500 ng of RNA for CDH1 and GAPDH (endogenous control).
The amount of CDH1 message was normalized to GAPDH levels and reported
as relative value. Columns, mean from 3 independent experiments ± SEM.

progression by activation of downstream targets such as c-Myc.
Our results show that Reishi reduces beta-catenin and c-Myc
protein expression after 24 h (Fig. 4B) of treatment by 1.3-fold
and 2-fold, respectively. To investigate whether Reishi treat-
ment results in translocation of released beta-catenin into the
nucleus, we performed immunofluorescence studies. As shown
in Fig. 4D, control and IBC-treated cells with 0.5 mg/mL of
Reishi extract for 24 h still retain membrane beta-catenin and
E-cadherin expression. Moreover, protein expression of p120-
catenin is reduced by threefold after 24 h of Reishi treatment.
Recent studies show that IBC tumors overexpress the eukaryotic
initiation factor 4G (eIF4G), and to a lesser amount, eIF4E (16).
Thus, we investigated the effects of Reishi extract on eIF4G and
eIF4E protein expression after 24 h of treatment. Results show
a markedly reduced expression of eIF4G by 2.2-fold and eIF4E
to a lesser extent (1.3-fold) following Reishi extract (Fig. 4C).
Therefore, our results demonstrate that Reishi has inhibitory ef-
fects on IBC progression, which depend on the differential gene
and protein expression of key molecules that are overexpressed
in this rare disease.

DISCUSSION
Our study establishes the efficacy of a novel extract by which

an intractable disease may be targeted. Specifically, we have
shown the discriminating effect of whole mushroom Reishi ex-
tract against cancer cell viability. We demonstrate that a pow-
dered Reishi extract standardized to have 1% cracked spores,
13.5% polysaccharides, and 6% triterpenes prevents cancer cell
viability in 24 h. Studies using this compound have demon-
strated similar effects on the MDA-MB-231 breast and PC-3
prostate cancer cell lines (35). This effect was not observed in a
mammary epithelial cell line, where Reishi only reduced cell vi-
ability by 11% at the highest concentration tested (1.0 mg/mL),
suggesting that Reishi selectively inhibits cancer cell viability.

Our data also shows that Reishi extract induces apoptosis
as demonstrated by annexin V and 6-CFDA staining paralleled
with reduced expression of BCL-2, BCL-XL and survivin in
IBC cells after 24 h of Reishi. Similar to these findings, there
are many reports demonstrating that Reishi causes cell cycle
arrest at different stages, as well as apoptosis and autophagy
in a number of cancer cell lines (8,35–37). Our data that show
a Reishi-induced high decrease in cell viability coupled with
increased apoptosis demonstrates that this mushroom extract
may exert a stronger inhibitory effect on SUM-149 IBC cells
compared to other types of cancers. The majority of studies on
the effects of Reishi compounds on cancer cell death attribute
apoptosis induction due to mitochondrial dysfunction caused
by inhibition of key mitochondrial antiapoptotic proteins, and
increases in the BAX/Bcl-2 or BAX/Bcl-XL ratios. A recent
review reported that targeting cell proliferation pathways is the
most promising directed therapy for IBC (38). Accordingly, our
data show that Reishi extract reduces the expression of Bcl-2,
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